Abstract. The response of the equatorial and South American coastal ocean circulation to the anomalous March 2002 wind jet extending from the Gulf of Panama to 6 • S is studied in a linear ocean model. Two experiments were performed: one without continental boundaries and the other with an eastern boundary at 81 • W, representing the American continent. The spatial and temporal structure of the imposed wind anomaly, represented with idealized mathematical functions, is similar to that of the real jet. The duration of the wind jet was six days where the maximum intensity occurred at the third day. The results of the experiments indicate that the wind-jet anomaly over the Gulf of Panama is another source of ocean waves that influence the western coast of South America in the form of coastal Kelvin waves (CKW).
Introduction
January through March of a typical year is characterized by sea-level pressure differences of 2-4 mb betweeen the Atlantic and Pacific sides of Central America, and resultant strong atmospheric jets across the isthmuses of Tehuantepeq, Papagayo, and Panama (Chelton et al., 2002) . Fluctuations in the strength of the jets affect the ocean temperature (Stumpf, 1975) and chlorophyll (Rodriguez-Rubio and Stuardo, 2002 ) over the Gulf of Panama, and the ocean circulation (McCreary et al., 1989; Trasviña et al., 1995) in the Gulf of Papagayo and Tehuantepeq.
In 2002 the equatorial Pacific ocean conditions during these calendar months were very unusual. McPhaden (2004) documented strong westerly winds in the western Pacific in December 2001, which excited an intraseasonal equatorial Kelvin wave that increased the depth of the thermocline by 20-30 m and warmed the surface waters to the east of the Correspondence to: K. Mosquera (kobi@chavin.igp.gob.pe) dateline. This wave reached the eastern Pacific at the end of February and warmed the sea water along the coast of Peru. This ocean process and westerly winds near the coast have been used to explain strong rainfall over Piura, northwestern Peru (around 5 • S), in March and April (Takahashi, 2004) .
In March 2002, the Gulf of Panama wind jet crossed the equator between the Ecuador coast and the Galapagos (90 • W), penetrating as far south as 6 • S between 88 • W and 94 • W (Fig. 1) . A possible interpretation of this unusual occurrence is that it was a consequence of above normal sea surface temperatures inducing below normal pressures in this region (Lindzen and Nigam, 1987) .
The present work documents an oceanic model response to this atmospheric anomaly, including how the sea level, along the coast is perturbed The following sections describe the numerical model, the results of the simulations, and the conclusions.
The model
The following subsections describe the wind and ocean models employed in this analysis.
The wind model
The March 2002 wind anomaly event is characterized in terms of exponential, sine and cosine functions. For this, we consider that the wind burst starts at 9 • N and 85 • W and increases its intensity for three days, reaching 8 • S in the third day, and then decreases to zero in the following three days.
The above description is modeled on a sphere (θ is latitude and φ is longitude) with the following equations: where c D is the drag coefficient and ρ represents the density of the air. In this particular simulation, according to McPhaden (2004) , we use the values of 1.2×10 −3 and 1.2 kg m −3 for c D and ρ, respectively. The functions: (φ), (θ) and T (t) are represented by the following statements:
All of these equations are represented in the Fig. 2 , where we can see the spatial and temporal structure of the theoretical wind jet.
The ocean model
The ocean model is linear, following McCreary et al. (1989) , with two differences: (1) there is no diffusion parameter and (2) the model is in spherical coordinates. Essentially the model, is a 1 1/2 layer model with an active upper layer, with ρ 1 as a density, over a motionless layer with density ρ 2 . The equations that describe the idealized ocean are:
where φ and θ are the longitude and latitud, respectively, R the radius of the Earth, u and v are the velocities of the zonal and meridional components, respectively. η is the sea level, H the thickness of the upper layer, and 2 sin θ the Coriolis parameter. Additionally, τ φ and τ θ are the zonal and meridional component of the wind stress. Finally, g ′ = [(ρ 2 − ρ 1 )/(ρ 2 )]g is the reduced gravity and g the gravity of the earth. The values for some parameters are: H =100 m, g ′ =0.0196 m/s 2 and R=6371×10 3 m.
For the numerical integration we use the C-Arakawa grid, recommended by Mesinger and Arakawa (1976) . The leapfrog scheme (Krishnamurti et al., 1998 ) is employed for time integration and for the spatial differencing we use the centered scheme. Even though the wind jet has a small domain, compared with the entire globe, we computed for 40 • S to 40 • N and 0 • to 360 • , with x= y=0.25 • , to avoid reflected waves.
Results

Without boundary
The simulation shows two types of disturbances: one disturbance is around the wind jet (0 • to 10 • N), and it moves slowly towards the west, like a packet of Rossby waves (McCreary et al., 1989) ,. These waves exhibit a southern edge that moves faster than the northern edge, due to the variable Coriolis parameter (Fig. 3) . The second disturbance has the form of a mixed Rossby -gravity (MRG) wave because its displacement is to the east and, with the time, it has a dispersive behaviour (Fig. 4) .
With a boundary
In this experiment a north-south boundary placed at 81 • W is used to represent the coast. The results show, after 5 days, a small pair of coastal Kelvin waves (CKW) with 1 m as an absolute value in the sea level moving to the north and to the south, increasing and decreasing the sea level, respectively. After nine days, several more CKW perturb the ocean, but the upwelling wave is towards the south and it is downwelling towards north. After 15 days, several more CKW are present near the boundary with the same configuration as the first waves (upwelling perturbation towards north and downwelling towards south). Finally, a small pair of CKW appears after 26 days. The velocity of the perturbations, moving to the poles, are approximatelly 1.41 m/s (see Fig. 5 ).
Using the results of the first simulation we can see that these CKW, which always move in opposite direction, are consequences of the impact of the MRG in the western boundary (81 • W) as part of the normal dispersion of the MRG. 
Conclusions
Intraseasonal variability of the sea level along the American western boundary is associated with equatorial Kelvin waves that are produced by disturbances in the seasonal winds in the western and central equatorial Pacific (Enfield et al., 1987; Johnson and O'Brien, 1990) . The equatorial perturbations reach the eastern Pacific and move north and south along the American coast. In this work we demonstrated that anoma-242 K. Mosquera: Northerly wind jet in the equatorial Eastern Pacific lous northerly wind jet from the Gulf of Panama is another form of ocean perturbation that influences the variability of sea level in the eastern Pacific. This mechanism starts when an anomalous wind jet creates MRG that, as a natural behavior, moves to the east and impacts the easterm boundary transforming its energy to pairs of CKW (upwelling and downwelling) with a velocity of 1.41 m/s. Another important conclusion is the demonstration of the existence of a packect of Rossby waves in the Gulf of Panama after a wind burst. The explanation of this is similar to that of McCreary (1989) for the Tehuantepeq wind-forcing simulation where the waves move to the west and deform due to the Coriolis paramter. In our experiment the deformation of this packet is faster than in McCreary's experiment because of the proximity to the equator.
